The authors examined the association between menstrual characteristics and time to pregnancy among 2,653 Danish women enrolled in a prospective cohort study (2007)(2008)(2009). Menstrual characteristics were reported at baseline. Outcome data were updated bimonthly until pregnancy, fertility treatment, loss to follow-up, or end of observation (12 cycles). Adjusted fecundability ratios and 95% confidence intervals were estimated by using discrete-time Cox regression models. Relative to average cycle lengths (27-29 days), fecundability ratios for cycle lengths <25, 25-26, 30-31, 32-33, and !34 days were 0.64 (95% confidence interval (CI): 0.49, 0.84), 0.94 (95% CI: 0.77, 1.13), 1.10 (95% CI: 0.97, 1.25), 1.35 (95% CI: 1.06, 1.73), and 1.17 (95% CI: 0.91, 1.49), respectively. Compared with cycles that regularized within 2 years after menarche, fecundability ratios for cycles that regularized 2-3 and !4 years after menarche were 0.90 (95% CI: 0.80, 1.02) and 0.89 (95% CI: 0.77, 1.03), respectively. Fecundability ratios were 0.87 (95% CI: 0.72, 1.05) comparing <3 with 3-4 days of menstrual bleeding and 0.70 (95% CI: 0.43, 1.13) comparing very heavy with moderate flow. In the present study, shorter cycle length was associated with delayed time to pregnancy. Age at menarche, time to menstrual regularization, and duration or intensity of menstrual flow were not appreciably associated with fecundability.
Menstrual cycle patterns are an indicator of endocrine function in reproductive-aged women (1) . Variability in menstrual cycle length is determined largely by variation in follicular phase length (2, 3) , with shorter cycles reflecting shorter follicular phase length. The most consistent predictor of cycle length is age: Cycles shorten with chronologic age (4) and then increase in variability at perimenopause (5, 6) . Independent of age, however, short cycle length may be a marker of poor oocyte quality or abnormal hormonal patterns (7) (8) (9) (10) (11) . Shorter cycles have been associated with reduced fecundability in 2 prospective studies of women with regular menstrual cycles (7, 12) .
Duration and amount of menstrual bleeding may also serve as fertility indicators, reflecting growth of the endometrial lining and the occurrence of ovulation. Shorter bleeds may indicate unsuitable endometrium for implantation, and longer bleeds may indicate anovulatory cycles (1) . In the 2 studies that examined duration of menstrual flow in association with fecundability, one reported that bleeds of average length (5 days relative to <5 or >5 days) preceded the most fecund cycles (7) , and the other reported that women who conceived had longer-than-average bleeds (13) . Neither study reported data on intensity of menstrual flow.
Anovulation and cycle irregularity are common in early menstrual life (14) (15) (16) (17) , and frequency of ovulation is related to both time since menarche and age at menarche (17) (18) (19) . The overall trend is toward shorter and more regular cycles with increasing age (15, 20, 21) , with a woman's usual cycle length being established within 6 years of menarche (15, 21) . Although cycle irregularity in adulthood is associated with anovulation and infertility (20, 22) , it is unclear whether a history of cycle irregularity in early menstrual life-among women with regular cycles in adulthood-also predicts fertility potential across the reproductive years.
We examined the influence of selected menstrual characteristics-including menstrual cycle length, age at menarche, time from menarche to cycle regularity, duration, and intensity of menses-on time to pregnancy among Danish women enrolled in a prospective cohort study.
MATERIALS AND METHODS

Study population
The ''Snart Gravid'' Study is an Internet-based prospective cohort study of pregnancy planners in Denmark. The study methodology has been described in detail elsewhere (23) (24) (25) . Briefly, recruitment commenced in June 2007 with placement of an advertisement on a health-related Web site (www.netdoktor.dk) and a coordinated media strategy involving radio, print media, online news sites, and television. Enrollment and primary data collection were conducted via a self-administered questionnaire on the study Web site (www. snart-gravid.dk).
Before enrollment, participants read a consent form and completed an online screening questionnaire to confirm eligibility. Eligible women were aged 18-40 years, residents of Denmark, in a stable relationship with a male partner, and not using any type of fertility treatment. Participants provided a valid e-mail address and their Civil Personal Registration number-a unique 10-digit personal identification number assigned to each resident by the Central Office of Civil Registration (26) .
The baseline questionnaire collected information on demographics, reproductive and medical history, and lifestyle and behavioral factors. Participants were randomized to receive either a short-or a long-form baseline questionnaire, with similar completion rates for both versions (24) . Followup questionnaires evaluated changes in various exposures, frequency of intercourse, and clinically recognized conception. Participants were contacted every 2 months by e-mail for 12 months or until recognized conception. Those who conceived were asked to complete 1 questionnaire during early pregnancy to assess changes in exposures, after which active follow-up was completed. Cohort retention after 12 months of follow-up was approximately 82% (25) .
Assessment of menstrual cycle characteristics
On the baseline questionnaire, women reported their age at menarche (in whole years) and the age at which their menstrual periods became regular, defined as ''usually being able to predict from one period to the next about when the next period would start.'' Women also reported whether their cycles were currently regular and, if so, what their usual cycle length was when not using hormonal contraception (''number of days from the first day of one menstrual period to the first day of the next menstrual period''). A variable on ''time to cycle regularity'' was created by taking the difference between age at menarche and age at which menstrual cycles became regular. Women also reported their duration of menstrual flow (''How many days does your period usually flow (bleeding, not spotting)?'') in categories of ''<3,'' ''3-4,'' ''5-6,'' and '' >6'' days and intensity of menstrual flow (''How would you classify the total amount of your menstrual flow?'') in categories of ''light: 10 pads or tampons,'' ''moderate: 11-20 pads or tampons,'' ''heavy: 21-30 pads or tampons,'' and ''very heavy: >30 pads or tampons.'' Questions about current menstrual cycle length were added to bimonthly follow-up questionnaires on January 1, 2009, after which 501 women were enrolled (19% of the analytical sample). We compared self-reported cycle length at baseline with reports over follow-up among the women who provided follow-up data on cycle length (13% of the analytical sample). There was moderate agreement between the cycle length reported at baseline versus that at first followup (weighted kappa for 6 categories (k) ¼ 0.61, Pearson's correlation (r) ¼ 0.61) or average of all follow-ups (k ¼ 0.60, r ¼ 0.60). Agreement was similar among those using nonhormonal and hormonal contraception as their last method of contraception (baseline vs. first follow-up: k ¼ 0.62, r ¼ 0.63; vs. k ¼ 0.59, r ¼ 0.59, respectively). Agreement was higher among those reporting 3-6 cycles versus 2 cycles of attempt time before study entry (baseline vs. first followup: k ¼ 0.74, r ¼ 0.69; vs. k ¼ 0.54, r ¼ 0.56, respectively), consistent with research showing higher accuracy of reporting of cycle length among less fertile women (27) .
Assessment of pregnancy and cycles at risk
On each follow-up questionnaire, women reported the date of their last menstrual period, whether they were currently pregnant, and whether they had experienced any other pregnancies since the date of their last questionnaire, including miscarriage, induced abortion, or ectopic pregnancy. The total number of cycles at risk was calculated as follows: (months of attempt time at study entry/usual cycle length) þ (((last menstrual period date from most recent follow-up questionnaire À date of baseline questionnaire completion)/ usual cycle length) þ 1), with observed cycles at risk (rounded to the nearest whole number) defined as those that were contributed after study entry.
Assessment of covariates
Data on age, weight, height, parity, smoking history, current alcohol consumption, last method of contraception, physical activity, and frequency of intercourse were selfreported on the baseline questionnaire and were updated every 2 months by follow-up questionnaire. We estimated the total metabolic equivalents of physical activity per week by summing the metabolic equivalents from moderate exercise (hours/week multiplied by 3.5) and vigorous exercise (hours/week multiplied by 7.0) (28) . We calculated body mass index as weight (kg)/height (m) 2 . Self-reported height and weight among women who delivered babies conceived during our study showed excellent agreement with measures provided by the Danish Medical Birth Registry (29) .
After 30 months of recruitment, 5,460 women were enrolled in the study. Of these, we excluded 1,063 women who had been trying to conceive for >6 cycles at study entry, 263 women with insufficient or implausible information about their last menstrual period date or date of first pregnancy attempt, 495 women who did not complete a followup survey, 863 reporting current irregular cycles, and 112 women with missing data on menstrual cycle length. After these exclusions, 2,653 regularly cycling women remained and were included in the present analyses. The 453 women who were subsequently lost to follow-up (mean follow-up of 5.4 months) had shorter menstrual cycles (mean: 28.3 vs. 28.7 days), lower parity (30.7% vs. 36.2%), higher body mass index (mean: 24.7 vs. 24.0 kg/m 2 ), and heavier smoking histories (mean: 2.8 vs. 2.1 pack-years) than the 2,200 women who were followed to a study endpoint but were similar with respect to other characteristics (e.g., mean age: 28.4 vs. 28.7 years; mean age at menarche: both 12.9 years; and use of oral contraceptives as their last method of contraception: 59.4% vs. 59.3%).
Data analysis
We divided menstrual cycle length into the following categories: <25, 25-26, 27-29, 30-31, 32-33, and !34 days, using 27-29 days as the reference group because the modal value was 28 days. We categorized age at menarche and time to cycle regularity on the basis of their frequency distributions within the cohort. Duration and intensity of menstrual flow were categorized as asked on the baseline questionnaire. We examined the possibility of a nonlinear relation or threshold effect of each menstrual characteristic on fecundability by using restricted cubic splines (30, 31) .
The fecundability ratio represents the cycle-specific probability of conception among the exposed divided by that among the unexposed. We used a discrete-time analog of the Cox proportional hazards model to estimate fecundability ratios and 95% confidence intervals for menstrual characteristics in association with time to pregnancy, in cycles (32) . We evaluated time to any pregnancy, regardless of pregnancy outcome. Women were censored if they did not conceive after 12 cycles, the typical amount of time after which couples seek medical assistance for infertility (32, 33) . Women contributed cycles at risk until they reached a study endpoint-pregnancy, use of fertility treatments, loss to follow-up, or the end of observation (12 cycles), whichever occurred first. The Cox model allowed for ''delayed entry'' into the risk set-which would have occurred if women entered the study after having tried to conceive for 1 or more cycles. Therefore, risk sets were based only on cycles at risk observed after study entry (29) . We selected potential confounders from a list of variables associated with menstrual characteristics at baseline that met criteria for confounding on the basis of a review of the literature and assessment of a causal graph (34) . We then controlled for potential confounders that changed the adjusted fecundability ratio by more than 5% relative to the unadjusted fecundability ratio (34) . According to these criteria, we controlled for female age (<25, 25-29, 30-34, !35 years), frequency of intercourse (<1, 1, 2-3, !4 times/week), pack-years of smoking (never smoked, <5, 5-9, !10 packyears), body mass index (<20, 20-24, 25-29, !30 kg/m 2 ), and last method of contraception (barrier methods, oral contraceptives, other hormonal contraceptives, natural family planning). Frequency of intercourse was modeled as a timevarying variable. To assess the effect of each menstrual characteristic independent of cycle length, we further controlled for cycle length in all models. We used multiple imputation methods to impute missing covariate values (35) . In SAS software (SAS Institute, Inc., Cary, North Carolina), we used PROC MI to create 5 imputed data sets-including 68 covariates in the imputation (refer to the Web Appendix, which is posted on the Journal's Web site (http://aje.oxfordjournals. org/))-and then combined results across the imputed data sets using PROC MIANALYZE (36) .
In secondary analyses, we evaluated whether the associations were similar when pregnancy losses were excluded from the outcome definition. In these analyses, women who reported an abortion or ectopic pregnancy were censored at their estimated time to pregnancy (37) . Analyses were also repeated among the 501 (19%) women enrolled in the study after January 1, 2009, the date we began asking women to report menstrual cycle length prospectively every 2 months over follow-up. We stratified by age, parity status, smoking, body mass index, last method of contraception, and number of cycle attempts before study entry. We assessed departure from the proportional hazards assumption by plotting the log-log survivor functions for each exposure variable in categorical form, where parallel log-log survivor curves indicated proportional hazards. We used SAS, version 9.1, statistical software for all analyses (36, 37) .
RESULTS
The mean and median cycle lengths in our sample were 28.6 and 28.0 days, respectively (range: 18-55 days). Baseline characteristics of the study sample according to menstrual cycle length are presented in Table 1 . Shorter cycle length was positively associated with physical activity, current smoking, pack-years of smoking, and having a mother who smoked during pregnancy. Longer cycle length was positively associated with time to cycle regularity and inversely associated with smoking, parity, and caffeine intake. Long duration of menstrual flow (!7 days) was more prevalent among women with short and long cycles relative to those with average cycle lengths (27-29 days).
Relative to average cycle lengths (27-29 days), multivariable fecundability ratios for cycle lengths of <25, Table 2 ). The fecundability ratio comparing ages at menarche of !15 with 12-13 years was 0.88 (95% CI: 0.74, 1.05). Compared with cycles that regularized within 2 years after the onset of menses, fecundability ratios for cycles that regularized 2-3 years and !4 years after menarche were 0.90 (95% CI: 0.80, 1.02) and 0.89 (95% CI: 0.77, 1.03), respectively. Fecundability ratios were 0.87 (95% CI: 0.72, 1.05) comparing <3 with 3-4 days of menstrual bleeding and 0.70 (95% CI: 0.43, 1.13) comparing very heavy with moderate flow. There was no clear pattern of effect for amount and duration of menstrual flow, when considered jointly, in association with time to pregnancy. Figure 1 displays the association of menstrual cycle length with fecundability by using restricted cubic splines (38) . The fecundability ratio increased monotonically with increasing cycle length (P ¼ 0.31 comparing a linear model with a model containing both linear and spline terms), but the spline model indicated a possible larger influence on fecundability for a 1-unit change in cycle length among shorter cycles compared with longer cycles.
The effect of short cycle length (<25 days) was relatively uniform across levels of age, smoking history, parity, body mass index, and attempt time at study entry (Table 3) . Because menstrual cycles may take several months to ''normalize'' after cessation of hormonal contraceptives and because women who recently discontinued hormonal contraceptives may have difficulties reporting their menstrual characteristics, we also stratified by use of hormonal methods as their last method of contraception (Table 3) . Results for short cycle length were similar for both groups. When we further stratified these results according to whether the hormonal contraceptive users had waited ''a few months'' after discontinuation before attempting to conceive, fecundability ratios (<25 vs. 27-29 days) were similar among the 254 women who waited (fecundability ratio ¼ 0.58, 95% CI: 0.21, 1.28) and the 1,335 women who did not wait (fecundability ratio ¼ 0.68, 95% CI: 0.48, 0.98) to conceive after discontinuation of hormonal methods.
The time-varying analysis of cycle length and time to pregnancy (TTP) among the 501 women (18.9%) who provided prospective data on cycle length produced results that were generally consistent with those found in the primary analysis, albeit the effect estimates were less precise: Fecundability ratios for cycle lengths of <25, It is possible that the results could have differed according to the use of home pregnancy tests, as women using such tests have a higher chance of detecting subclinical losses and reporting shorter TTPs than women having their pregnancies first confirmed by a physician. Data on home pregnancy tests were collected only from women reporting viable pregnancies. When we confined events to the 1,717 
DISCUSSION
In this prospective cohort study of Danish women aged 18-40 years, short cycle length (<25 days) was associated with delayed time to pregnancy. The effect of short cycle length persisted across categories of age, body mass index, parity, smoking history, and last method of contraception. Age at menarche, time to menstrual regularization, duration of menses, and intensity of menstrual flow were not appreciably associated with fecundability.
Our finding of delayed TTP among women with short cycle lengths agrees with previous retrospective (22) and prospective (7, 12) studies, with the exception of 1 retrospective study (20) . Peak fecundability in our study (32-33 days) differed from that found in the 2 other prospective studies (30-31 days) (7, 12 ) and 1 retrospective cohort study (28 days) (22) . In the latter study, both short (<28 days) and long (!31 days) cycles were associated with reduced fecundability (22) . Our data are also consistent with those of 2 studies of women undergoing fertility treatments in which a shorter follicular phase length was predictive of reduced fecundability (10, 11) . To rule out the possibility that our results may be explained by chronologic aging as opposed to ovarian aging (or other hormonal factors), we stratified by age at baseline. Short cycle length was inversely associated with fecundability even among the youngest women in our cohort.
We found no clear pattern between duration of menses and fecundability, but results are difficult to compare across studies because of the variety of ways in which duration of menses was categorized. In a study by Small et al. (7), menses that were shorter or greater than 5 days preceded less fecund cycles relative to 5-day bleeds. This finding was partly consistent with a study conducted in rural Bolivia, in which those who conceived had longer menstrual bleeds in the preceding menstrual cycle than those who did not conceive (13) . To our knowledge, there are no other studies investigating the joint effects of amount and duration of menstrual flow, or the effect of time to cycle regularity, on fecundability.
Studies that have examined the reliability of retrospectively assessed, self-reported menstrual cycle length against prospective menstrual diaries showed moderate levels of agreement, which were greater among sexually active women (27, 39, 40) . In a subset of participants from our cohort (19%), we found moderate agreement between selfreported menstrual cycle lengths at baseline versus follow-up (k ¼ 0.60). Results generated from a time-varying analysis of the 501 women who provided follow-up data on cycle length were consistent with primary results based on usual cycle length reported at baseline. Because not all women entered the study when they were first attempting to conceive, both differential and nondifferential misclassifications of menstrual characteristics was possible. However, the persistence of an association among women with 2 cycle attempts before study entry suggests that bias due to left truncation did not have a large influence on our results. Women who recently discontinued hormonal contraception may have experienced a change in menstrual cycle patterns, but our results were similar after accounting for the last method of contraception. Given that women with irregular cycles were excluded and that such women are more likely to have long cycles and experience delayed TTP (20, 22) , the effect estimates for longer cycle length may be upwardly biased. Nearly one quarter of early pregnancies are lost before clinical detection of conception (41) . In our cohort, more than 96% of women with a viable pregnancy reported using home pregnancy tests to confirm their pregnancy, suggesting that bias due to differential recognition of early pregnancy loss was unlikely. Although rates of unintended pregnancy are considerably lower in Denmark compared with other developed countries (42) , restriction of the cohort to pregnancy planners means that a nonnegligible fraction of total pregnancies was ignored. If pregnancy intention was related to both menstrual patterns and fertility potential, our results would not apply to women with unplanned pregnancies.
Cohort retention was similar to what has been reported for other large volunteer cohort studies (43, 44) . The mean cycle length in our sample was consistent with that reported in other population studies (45) (46) (47) (48) , and similar menstrual patterns were found between the small proportion of women lost to follow-up and the women followed to a study endpoint, which implies minimal bias due to selective losses. Finally, although this study enrolled a self-selected sample of pregnancy planners recruited via the Internet, there is little reason to believe that such women would differ from the general population of women at risk of pregnancy in ways that would lead to biased effect estimates. Furthermore, 2 recent reports from Scandinavian birth cohort studies, in which population registry data were used to compare differences between study participants and all women giving birth in the general population, found that nonparticipation at the study outset had little impact on effect estimates (49, 50) .
In summary, we found that women with shorter menstrual cycle lengths had reduced fecundability. The adverse effect of short cycle length on fecundability persisted across levels of age, which indicates that the effect is not solely attributable to aging. No clear pattern was found for age at menarche, time to menstrual regularization, and duration or intensity of menstrual flow in association with TTP. The exact biologic mechanism underlying the link between short menstrual cycles and fertility remains to be elucidated. Our findings suggest that menstrual cycle length may serve as a useful clinical marker of fertility potential, over and above that of chronologic age.
